Background: Age and life expectancy of residents in many developed countries, including Australia, is increasing. Health resource and medicine use in the very old is not well studied. The purpose of this study was to identify annual use of health services and medicines by very old Australian veterans; those aged 95 to 99 years (near centenarians) and those aged 100 years and over (centenarians). Methods: The study population included veterans eligible for all health services subsidised by the Department of Veterans' Affairs (DVA) aged 95 years and over at August 1 st 2006. A cohort of veterans aged 65 to 74 years was identified for comparison. Data were sourced from DVA claims databases. We identified all claims between August 1 st 2006 and July 31 st 2007 for medical consultations, pathology, diagnostic imaging and allied health services, hospital admissions, number of prescriptions and unique medicines. Chi squared tests were used to compare the proportion of centenarians (those aged 100 years and over) and near centenarians (those aged 95 to 99 years) who accessed medicines and health services with the 65 to 74 year age group. For those who accessed health services during follow up, Poisson regression was used to compare differences in the number of times centenarians and near centenarians accessed each health service compared to 65 to 74 year olds.
Background
The average age and life expectancy of the Australian population is increasing. In the 1970s life expectancy for males was around 68 years and 75 years for females; by the 2000s this had increased to 78 years for men and 83 years for women [1] . The proportion of the Australian population aged over 65 years increased from 11% in 1988 to 13% in 2008 [2] . This is largely due to a rise in the number of people aged 85 years and over. Over the 20 years between June 1988 and June 2008 the proportion of the Australian population aged 85 years and over rose by 165%; while the overall size of the Australian population increased by only 29% during this time [2] . The number of people aged 95 to 99 years (near centenarians), and the number of centenarians (those aged 100 years and over) nearly tripled in this 20 year period [2] . The health of Australian centenarians and near centenarians has not been widely studied.
International studies have reported the mean number of comorbidities amongst centenarians ranges from two to four [3] [4] [5] [6] . Comorbidities associated with mortality and morbidity amongst the elderly, including heart disease, stroke and diabetes, are less prevalent amongst centenarians and tend to be diagnosed after age 80 amongst centenarians who suffer them [5] [6] [7] [8] .
The proportion of centenarians using prescription medicines ranges from 54% to 95% [3, 9, 10] . Types of medicines commonly used by this age group are drugs for hypertension and cardiovascular and gastrointestinal conditions [3, [9] [10] [11] . Health resource use by centenarians and near centenarians is not widely reported. A study of Greek centenarians found that 79% had visited their general practitioner (GP) in the past year [12] and a study of Danish centenarians found that 42% contacted their GP in the previous three months [3] . Nearly all centenarians have been hospitalised at least once in their lifetime [3, 12] . A 2003 analysis by age group of health service use by Australian veterans found that amongst the 95 years and older age group 94% saw their GP during the year of follow-up [13] . A smaller proportion of this age group (62%) saw specialists, and just over half (52%) aged 95 years and over were hospitalised [13] . Medicine use by those aged 95 and over was common, with 89% having prescription medicines dispensed [13] . However, centenarians and near centenarians as two distinct age groups were not studied.
Australians have access to free treatment at public hospitals and free or subsidised treatment by GPs and some allied health professionals under Medicare, funded by the Australian government [14] . Access to medicines is subsidised under the Pharmaceutical Benefits Scheme (PBS) and Repatriation Pharmaceutical Benefits Scheme (RPBS) [14] . Patients pay a co-payment for medicines with the remainder of the cost met by the Australian government [14] . Older people tend to use more medicines than younger people, and the contribution of an ageing population to increased government expenditure on medicines subsidy has been acknowledged [15] . The potential for the ageing population to lead to an increase in demand for Medicare funded health services, and the associated increase in government funding costs has also been discussed [16, 17] . However, the influence of the rapidly growing number of centenarians and near centenarians on increased medicine and health resource use in Australia has had limited study and the available studies have not considered centenarians as a distinct age group. This is an important area for research, because population projections suggest that centenarians will number 13,000 by 2020,[18] compared to 6,000 in 2010. In this study, we aimed to identify the annual use of health services and medicines by Australian veteran centenarians (those aged 100 years and over) and near centenarians (those aged 95 to 99 years).
Methods
Data for this study were sourced from the Department of Veterans' Affairs (DVA) health claims databases. The DVA treatment population is comprised mainly of Australian defence force veterans and their eligible dependants, including spouses, widows or widowers, and children. Over two thirds of the DVA treatment population have served in the Australian defence force, with 89% of those who served being male [19] . Reflecting this, in 2009 59% of the overall DVA treatment population were male and over 70% were aged 70 years or over [20] . Eligible veterans who hold a DVA gold card receive all health services and medicines subsidised by DVA [19] . White card holders receive DVA subsidy for health services and medicines for the treatment of specific service related conditions only [19] . The DVA claims databases contain details of all prescription medicines, medical and allied health services and hospitalisations provided to veterans for which DVA pay a subsidy. The data file contains 80 million pharmacy records, 200 million medical and allied health service records and over 6 million hospital records for a treatment population of 310,000 veterans. DVA maintain a client file, which includes data on gender, date of birth and date of death.
Subjects for this study were DVA gold card holders, eligible for all DVA funded health services, who were 96 years of age or older on August 1 st 2007. We retrospectively extracted data on all claims in the year prior (August 1 st 2006 to July 31 st 2007) for the following health services: general practice consultations, specialist consultations, care planning services (including GP care plans, discharge plans and multidisciplinary case confer-ences), pathology services, diagnostic imaging services, allied health services (including occupational therapist, speech therapist, dietician, physiotherapy, social work and podiatrist services), dental consultations, psychologist services and hospital admissions. In addition, we extracted counts of the number of prescriptions and unique medicines (defined by ATC code) dispensed. The proportion of subjects accessing each health service and the proportion of subjects dispensed each class of medicine, defined by the third digit ATC code, was assessed. Amongst those who accessed health services, the mean number of times each service was accessed was determined.
Sub-group analysis was undertaken by age group: near centenarians (those aged 95 to 99 years) and centenarians (those aged 100 years and over). This age group definition allowed focus on Australian centenarians, an age group for which little prior research has been conducted [21] . The influence of the increasing number of centenarians and near centenarians medicine and health resource use in Australia has had limited study. Therefore, to enable comparison of health service use by centenarians and near centenarians with health service use by younger elderly people, a comparison cohort of DVA gold card holders aged 65 to 74 years was identified in an identical manner. This age group was chosen because more than half of all Australians aged 65 years and over are aged between 65 and 74 years.
Chi squared tests were used to compare the proportion of centenarians and near centenarians who accessed medicines and health services with the 65 to 74 year age group. For those who accessed health services during follow up, Poisson regression was used to compare differences in the mean number of times centenarians and near centenarians accessed each health service compared to 65 to 74 year olds. No covariates were included in the Poisson regression. Post hoc pair wise comparisons were undertaken to compare the three age groups, with no adjustments made for multiple comparisons. All analyses were undertaken using SAS, V9.1 (SAS institute, Cary, North Carolina, USA). Ethics approval for the study was obtained from the Department of Veterans' Affairs Human Research Ethics Committee and the University of South Australia Human Research Ethics Committee.
Results
The study population consisted of 1,734 veterans aged 95 years and over. The majority (n = 1,624, 93.6% of the very old cohort) were aged between 95 and 99 years (near centenarians), while 110 (6.3%) were aged 100 years or more (centenarians). Two thirds of near centenarians (n = 1,100, 67.7%) were female, while 82% of centenarians (n = 90) were female. Just under half of near centenarians (n = 800, 49%) and 67% of centenarians (n = 74) lived in residential care during the study period.
The proportion of centenarians and near centenarians who consulted a GP and had a prescription medicine dispensed during the year of follow up was similar to those aged 65 to 74 years, 98% (table 1) . A lower proportion of centenarians and near centenarians consulted a specialist (36% and 57% respectively, table 1).
Compared to the 65 to 74 year age group, a lower proportion of centenarians had claims for hospitalisation (19% vs. 33%), dental services (12% vs. 43% ), physiotherapy services (13% vs. 25%), pathology (68%vs. 83%) and diagnostic imaging services (51%vs. 77%) during the study period. A higher proportion of centenarians compared to those aged 65 to 74 years accessed health care plans (19% vs. 3%), case conferences (4% vs. 0.9%), occupational therapy (15% vs. 8%) and podiatry services (54% vs. 37%) (table 1).
Compared to the 65 to 74 year age group, a lower proportion of near centenarians had claims for hospitalisation (24% vs. 33%), dental services (18% vs. 43%), physiotherapy services (15% vs. 25%), pathology (78% vs. 83%) and diagnostic imaging services (68% vs. 77%) during the study period. A higher proportion of near centenarians compared to the 65 to 74 year age group accessed health care plans (25% vs. 3%), case conferences (4% vs. 0.9%), occupational therapy (17% vs. 8%) and podiatry services (58% vs. 37%) (table 1) .
For the proportion of near centenarians who accessed at least one service, they tended to have more GP and specialist visits, received more prescriptions and unique medicines and had more physiotherapy visits than those aged 65 to 74 who accessed these services (table 2) .
For the proportion of centenarians who claimed at least one service, they had a higher number of GP and physiotherapy visits than those aged 65 to 74 who accessed these services (table 3) . For all other health services studied, the number of times centenarians accessed them was no different to those aged 65 to 74 (table 3) .
Compared to those aged 65 to 74, a lower proportion of centenarians had claims for medicines acting on the renin-angiotensin system (26% vs. 51%), lipid lowering therapy (3% vs. 49%), calcium channel blockers (15% vs. 24%), beta blockers (11% vs. 23%), antiinflammatories (10% vs. 32%), psychoanaleptics (12% vs. 27%), systemic corticosteroids (5% vs. 13%), antihistamines (2% vs. 11%) and medicines for airways disease (13% vs. 25%), gout (6% vs. 11%) and diabetes (4% vs. 14%)(table 4). Compared to those aged 65 to 74, centenarians had a higher proportion with at least one claim for antibiotics (66% vs. 56%), analgesics (67% vs. 47%), psycholeptics (42% vs. 32%), eye preparations (57% vs. 30%), diuretics (56% vs. 18%), laxatives (34% vs. 11%), cardiac therapy (36% vs. 14%), mineral supplements (23% vs. 7%) and anti-anaemics (20% vs. 7%) (table 4).
Compared to those aged 65 to 74, a lower proportion of near centenarians had claims for medicines acting on the renin-angiotensin system (41% vs. 51%), lipid lowering therapy (11% vs. 49%), antiinflammatories (14% vs. 32%), antihistamines (7% vs. 11%) and medicines for airways disease (17% vs. 25%) and diabetes (4% vs. 14%) (table 4). Compared to those aged 65 to 74, near centenarians had a higher proportion with at least one claim for antibiotics (66% vs. 56%), analgesics (64% vs. 47%), antithrombotics (48% vs. 38%), cardiac therapy (34% vs. 
Discussion
Our study characterised health resource and medicine use by Australian centenarians and near centanarians. We found that, while use is frequent with 98% accessing GP services and using prescription medicines, for most health services studied the proportion of centenarians and near centenarians who accessed them was similar to or less than the proportion of veterans aged 65 to 74 who accessed them. Amongst centenarians and near centenarians who accessed one or more health service, in most cases they did so a similar number of times in comparison to younger people. The need to know more about the health status of Australian centenarians to inform health and public policy development has been highlighted [21] . Recent studies provide evidence to support the notion that longevity is not necessarily associated with excessive health resource use and costs. An American study found that although overall health expenditure increased with age, this was largely due to increased use of nursing homes by the elderly [22] . They found that within the elderly population, the rate of acute health care use and expenditure decreased with increasing age [22] . An Australian study found similar results. Using Medicare claims data, they found that high health service usage and costs were associated with death, but not increasing age [23] . This finding has also been reflected in British [24, 25] and New Zealand [26] studies. Our findings provide further evidence that suggests, in comparison to younger elderly people, Australians centenarians and near centenarians are not excessive users of health services.
Our study highlighted that the health service most commonly accessed by centenarians and near centenarians was GP visits; accessed by 98% of near centenarians and centenarians during the study period. This was slightly higher than the rate of GP visits by centenarians in other countries; with a study of Greek centenarians finding that 79% had visited their GP in the previous year [12] , and a Danish study finding that 42% of centenarians had visited their GP in the previous three months [3] . Use of other health services by centenarians and near centenarians has not been extensively reported previously. A study of Danish centenarians showed the mean number of hospitalisations per person per three years at the ages 97 to 99 was 1.45 [3] , equivalent to 0.48 hospitalisations per person per year; while a study of centenarians in the USA found a mean of 0.6 hospital admissions per centenarian per year [4] . Our study reported results slightly differently and showed that, amongst those hospitalised, the mean number of admissions during the year was 1.5 and 1.8 amongst centenarians and near centenarians respectively. Expression of our results in a comparable way to the prior research provides an overall mean of 0.29 hospitalisations per centenarian per year and 0.43 hospitalisations per near centenarian per year; comparable to the rate of hospitalisation amongst Danish near centenarians and lower than the rate of hospitalisation amongst American centenarians. Use of medicines is the most common health activity undertaken by Australians, [27] and our results show that centenarians and near centenarians use multiple medicines at similar levels to their younger elderly counterparts. However, the types of medicine used differ greatly. For example, 3% of centenarians received lipid lowering medicines compared to 49% of those aged 65 to 74. Calcium channel blockers and beta blockers were dispensed to 15% and 11% of centenarians, compared to 24% and 23% of those aged 65 to 74. This may reflect lower prevalence of chronic conditions in centenarians for which these medicines are used to treat, or conversely, it may reflect under-treatment of chronic conditions in centenarians. There is evidence of lower prevalence of hypertension amongst centenarians, [6, 28] and studies of Italian and Japanese centenarians have demonstrated low total cholesterol in this age group [28] . Prevalence of diabetes amongst centenarians is also low in some studies [6, 8] . However, other studies have suggested that there is under treatment of chronic conditions in the very old, [23, [29] [30] [31] [32] in some cases due to under diagnosis [33] . Diagnoses are not included in the DVA dataset, so we were unable to determine whether our results indicate differing prevalence of chronic diseases by age group or under-treatment in centenarians.
Centenarians and near centenarians are rarely included in randomised controlled trials, meaning that data regarding the safety and efficacy of medicines in centenarians and near centenarians is limited. One study found that out of more than 50,000 randomised controlled trials published between 1990 and 2002, only 84 focussed on people aged 80 years and over, and the mean age of patients included in these studies was 83 years [34] . Safety of drug therapy in centenarians and near centenarians is of particular concern due to the increased risk of adverse drug reactions associated with increasing age [35] . Efficacy of drug therapy in centenarians and near centenarians is also an important consideration. It has been suggested that GPs may be less willing to prescribe medicines for the very old in the absence of efficacy data [36] , particularly given the increased risk of adverse effects in this population [37] . Results of our study have highlighted that nearly all centenarians and near centenarians use medicines so it is important that future research focuses on the safety and efficacy of medicines in this age group. Our study is limited by lack of information on the actual health conditions and comorbidities suffered by centenarians and near centenarians. It is possible that low use of some health resources in our study reflects the inability to access required services. It has been suggested that lower rates of hospitalisation amongst very old people may not reflect better health, but rather the preference of families and doctors to care for the very old in the home [26, 38] . We were unable to determine whether this influenced results of our study.
Although we reported the mean number of unique medicines dispensed to centenarians and near centenarians, and the proportion dispensed each class of medicine; we did not describe persistence with drug therapy or differences in doses used by centenarians and near centenarians in comparison to other elderly people. This limitation has also been evident in prior studies of centenarians, which have described the proportion of centenarians using medicine by drug class, but not dosage or duration of therapy [3, 9, 10] . This is an important consideration and should be the focus of future research, because safe doses of medicine may be lower and appropriate duration of therapy may differ between centenarians, near centenarians and younger patients.
Although our cohort was limited to veterans, results are likely to be applicable to other elderly Australians. Age specific comparisons of DVA gold card holders with the wider Australian population have shown that DVA gold card holders with no service related disability have a similar number of GP visits (rate ratio 0.99, p > 0.5) and slightly fewer hospitalisations (rate ratio 0.97, p < 0.05) per year compared to other elderly Australians [39] . The likelihood of receiving a prescription at a GP visit is similar for the DVA population and the wider Australian population [39] . Our results are likely to be applicable to other Australian centenarians and near centenarians.
Conclusion
Our study characterised health service and medicine use amongst Australian veteran centenarians and near centenarians. Compared to those aged 65 to 74, a similar or lower proportion of centenarians and near centenarians accessed the health services studied, and those who accessed services did so a similar number of times in comparison to the younger age group. Our results support the findings of other studies which suggest that longevity is not necessarily associated with excessive health service use.
